In this paper the chemical composition and antimicrobial action of the extracts from the flower, leaf and stem of Salvia pratensis L., Salvia glutinosa L. and Salvia aethiopis L. were investigated. The investigated extracts mostly contain monoterpenes to a high degree, except the flower extract of S. pratensis and the leaf extract of S. glutinosa where sesquiterpenes were found in great amounts. Diterpenes were found only in the extracts of S. aethiopis. All these extracts contained 1,8-cineole (to the highest degree (19.1 %) in the stem extract of S. glutinosa) and beta-caryophyllene (to the highest degree (7.0 %) in the flower extract of S. pratensis). The antimicrobial activities of the extracts were determined by the diffusion and dilution method.
INTRODUCTION
The genus Salvia L. includes about 900 species 1 and is the most numerous within the family Lamiaceae. The flora of Serbia comprises 14 species of this genus. 2 The chemical composition of the extracts of S. officinalis L. has been the subject of several publications. [3] [4] [5] [6] [7] There is little information about the chemical composition of the extract of S. pratensis L., S. glutinosa L. and S. aethiopis L. The extraction of S. pratensis with hexane gives an extract which contains beta-amyrin, germanicol, loranthol and lupeol. 8 From the acetone extract of dried roots of S. glutinosa isotanshinone II has been isolated. 9 In the petrol ether and chloroform extracts of S. aethiopis: n-eicosane, beta-sitosterol, salvigenin, methoxyluteolin and sitosteryl-3-beta-D-glucoside were found. 10 Aethiopinone was ob-tained from the root of this species. 11 There is information about the pharmacological properties of the extracts of S. pratensis 12, 13 and S. aethiopis 13 and about the antimicrobial action of the plant extracts of S. officinalis. 14, 15 In this study, the chemical composition and antimicrobial action of the extracts from the flower, leaf and stem of S. pratensis, S. glutinosa and S. aethiopis were investigated.
EXPERIMENTAL

Plant material
The herbal species were collected during the flowering phase in 1998 at three localities in southeast Serbia. The S. pratensis was collected on the Rtanj Mt. (surrounding of Sokobanja, Rtanj village), at the end of May. The S. glutinosa originating from the Streser Mt. (surrounding of Surdulica, Vucedelce village) was picked at the beginning of August. Finally, the S. aethiopis was collected from the surroundings of Pirot (Blato village) in the middle of June. Herbaria samples are kept in the General Herbarium of the Balkan Peninsula (BEO) Natural History Museum in Belgrade (Yugoslavia), under the following numbers: BEO 32148 (S. pratensis), BEO 32149 (S. glutinosa) and BEO 32150 (S. aethiopis).
Extraction
The extractions of the dried flower, leaf and stem were carried out by maceration with 96 % ethanol (the plant material to solvent ratio was 1:5). 16 
Identification procedure
The extracts were analyzed on an analytical GC-FID and GC-MS and most of the constituents were identified by comparison of their mass spectra to those from the Wiley MS library. The obtained results were correlated with retention indices. 17, 18 GC-FID: A Hewlett Packard 5890 II Gas Chromatograph, equipped with a 25 m´0.32 mm fused silica capillary column with a 0.53 mm film thickness of HP-5 and a FID was used. The operating conditions were: temperature program 40º -280 ºC at 4 ºC/min, injector temperature 250 ºC, detector temperature 280 ºC; carrier gas: H 2 (1 mL/min).
GC-MS: Analyses were performed on a Hewlett Packard, model G 1800 C, equipped with a fused silica 30 m´0.25 mm HP-5 capillary column with a film thickness 0.25 mm; carrier gas was H 2 (1 mL/min) with the same temperature program as for the analytical GC. Electrons at 70 eV performed the ionization. 1 mL of the extract was injected (splitless mode).
Antimicrobial activity
The antimicrobial activities were determined by the diffusion and dilution methods. The dilution method was modified by the use of cellulose discs. It was applied for the determination of minimal inhibitory (MIC) and minimal lethal concentraiton (MLC). The cultures of the following microorganisms were used: Escherichia coli ATCC 25922, Salmonella enteritidis ATCC 13076, Pseudomonas aeruginosa ATCC 9027, Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 6538, Sarcina lutea ATCC 9341, Candida albicans ATCC 10231, Saccharomyces cerevisiae ATCC 9763, obtained from Oxoid, as well as Aspergillus niger from the collection of micro-organisms of the Biological laboratory of "Zdravlje" Pharmaceutical and Chemical Industry, Leskovac.
For the diffusion method, the following nutritive media were used: Antibiotica-Agar No. 1 (Merck, Darmstadt, Germany) for bacteria, Tripton soya agar -TSA (Torlak Institute, Belgrade, Yugoslavia) for C. albicans and A. niger, Sabouraud dextrose agar -SDA (Torlak) for S. cerevisiae and Medium for total bacteria count (Torlak), for determination of the total number of micro-organisms.
For the dilution method, the following nutritive media were used: Medium 3 (Difco Laboratories Detroit Michigan USA) for bacterial growth, Tripton soya broth -TSB (Torlak) for the growth of C. albicans and A. niger, Sabouraud liquid medium -SDB (Torlak) for the growth of S. cerevisae. Medium for the total bacterial count (Torlak) for the determination of the total number of micro-organisms, selective media for the identification of individual micro-organisms: Endo agar (Torlak) for E. coli, SS agar (Torlak) for S. enteritidis, Cetrimid agar for P. aeruginosa, Brilliant green agar (Torlak) for B. subtilis, Chapman medium (Torlak) for S. aureus and S. lutea, Tripton soya agar (Torlak) for C. albicans and A. niger and Sabouraud dextrose agar (Torlak) for S. cerevisiae.
Diffusion method: 0.1 mL of micro-organism suspension, formed on oblique agar with 10 mL 0.9 % NaCl during 24 h culture, was introduced into 10 mL of the nutritive medium. A Petri dish was filled with this system. 5 mL of a pure extract was applied from a micropipette onto sterile cellulose discs, diameter 6 mm (Biolife Italiana SRL -Milano, Italy), and the disc was placed into the center of an 86 mm internal diameter Petri dish. Following 2 h prediffusion at + 4 ºC, the incubation was carried out for 24 h at 37 ºC for bacteria and 48 h at 26 ºC for fungi. The initial number of micro-organisms in the suspension was determined after thermostating the medium for the total bacterial count during 24 h at 37 ºC mixed with 1 mL of 10 -4 fold diluted suspension.
Dilution method: From a suspension of micro-organisms, formed with 10 mL0.9 % NaCl and 24 h culture on oblique agar, the inoculum was made by introducing 0.1 mL of the suspension into 9. aeruginosa, S. cerevisiae were applied onto sterile cellulose discs of the diameter 12.7 mm (Schleicher & Schuell, Dassel, Germany), which were submerged into sterile test tubes with 0.5 mL of the suitable medium, followed by addition of 1 mL of the inoculum. The incubation was carried out at 37 ºC for bacteria and at 26 ºC for fungi. The changes in the inoculum clarity in the test tubes were monitored during 3 days. Re-inoculation was carried out from individual test tubes onto the medium for the total bacterial count as well as the introduction of inoculum by loop onto selective media (determination of MIC and MLC).
RESULTS AND DISCUSSION
Results of the GC-characterization of the examined extracts are presented in Table I . The investigated extracts (all extracts of S. aethiopis, the S. glutinosa stem extract, and the S. pratensis leaf and stem extract), contain monoterpenes mostly in abundance except the S. pratensis and S. glutinosa flower extracts where sesquiterpenes predominate. Diterpenes are only found in the extracts of S. aethiopis. In all extracts, 1,8-cineole was present (19.1 % in stem extract of S. glutinosa, 17.0 % and 15.7 % in the flower and leaf extract of S. aethiopis, 8.1 % in the leaf extract of S. pratensis), as well as beta-caryophyllene (7.0 % in the flower extract of S. pratensis, 6.5 % and 4.7 % in the leaf and stem extracts of S. aethiopis, 2.3 % in the stem extract of S. glutinosa. In addition, the extracts of S. pratensis contain significant amounts of 3-p-menthene (7.7 % in stem), n-tetradecanol (3.5 % in flower), n-pentadecanol (1.9 % in flower), n-hexadecanol (2.3 % in flower), n-octadecanol (4.3 % in leaf), n-heneicosane (4.2 % in flower), n-pentacosane (7.9 % in leaf). The extracts of S. glutinosa are rich in the following components: beta-pinene, (7.5 % in flower), n-undecane (1.7 % in stem), (Z,E)-farnesyl acetate (4.0 % in flower), n-hexadecanol (3.3 % in flower), n-octadecanol (6.0 % in leaf), n-tetracosane (2.6 % in florer), n-pentacosane (3.1 % in flower). The extracts of S. aethiopis are rich in the following components: alpha-copaene (2.1 % in leaf), gamma-muurolene (1.3 % in stem), delta-cadinene (1.8 % in leaf), viridiflorol (8.3 % in stem), beta-bisabolol (3.2 % in flower), manool (5.7 % in stem).
The characteristic components of the essential oil of sage (S. officinalis; alpha-pinene, camphene, limonene, 1,8-cineole, alpha-and beta-thujone, camphor, linalool, linalyl acetate, bornyl acetate and alpha-humulene) 19 were also present in the extracts of S. aethiopis (with the exception of linalool and linalyl acetate) and S. pratensis (with the exception of bornyl acetate, linalool and linalyl acetate). However, the extracts of S. glutinosa had a quite different chemical composition (besides 1,8-cineole) . There is a similarility in the chemical composition of the essential oils from the herbs 20 and the flowers, leaves and stems extracts of S. pratensis, S. glutinosa and S. aethiopis. Antimicrobial activity, as investigated by the diffusion method, was only noticed for some extracts on the mould A. niger. The diameters of the zones of inhibition were: 6.8 mm for the leaf extract of S. pratensis, 7.2 mm for the flower extract of S. glutinosa, 6.2 mm for the leaf extract of S. glutinosa and 6.4 mm for the leaf extract of S. aethiopis. All other microbial cultures were resistant. The values of MIC and MLC (mL of extract/mL of inoculum) of all the investigated extracts were constant throughout the experiment (Table  II) . The extracts of S. aethiopis had the best action on the Gram (+) bacterium S. aureus. However they had the weakest action on yeast C. albicans. No MLC values were recorded neither for yeast S. cerevisiae and mould A. niger, nor for bacterium S. enteritidis (stem extract of S. pratensis and S. glutinosa).
Also, the essential oils of S. pratensis, S. glutinosa and S. aethiopis have antimicrobial activity. 21 
CONCLUSION
The ethanol extracts from the flower, leaf and stem of S. pratensis, S. glutinosa and S. aethiopis have some common components, such as: 1,8-cineole, beta-caryophyllene, alpha-and beta-pinene, camphene, alpha-and beta-thujone, camphor, n-dodecane, alpha-copaene, alpha-humulene and caryophyllene oxide. The investigated extracts have antimicrobial activity on: Gram (+) and Gram (-) bacteria, yeast and mould. Antimicrobial activity of the extracts was not registered for individual microorganisms by the diffusion method. It is noticeable that the dilution method is much more precise. 
